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BINARY CODED DECIMAL COUNTER CIRCUITS
Anthony Prieto, Palm Beach Gardens, Fla,, assignor to
Radio Corporation of America, a corporation of Dela-
ware
Filed July 2, 1964, Ser. No. 379,815
4 Claims. (Cl 328—45)

This invention relates to improved binary coded decimal
counters.

A binary coded decimal counter includes successive
stages, each with four storage elements. In the case of
an up counter, for example, each stage counts to 9 and,
in response to the tenth input pulse, resets to 0 and gen-
erates a carry to the succeeding stage. In some prior
art counters, the various stages each include a group of
auxiliary flip-flops which temporarily store the ninth
count. In response to the tenth count, these flip-flops
generate a reset signal for the stage and a carry signal for
the following stage. Known binary coded decimal down
counters employ similar circuits for temporary storage
and generation of the reset and borrow signals.

An object of the present invention is to provide a
circuit which is simpler than the one discussed above and
which operates at relatively high speed.

In the circuit of the present invention, the auxiliary
flip-flops in each stage for temporarily storing the ninth
count are not employed. In the present circuit, there
are logic gates connected to each two-state storage device
through some of which the pulses to be counted are ap-
plied to the two-state device. These logic gates them-
selves sense the count produced by the counter and, when
it reaches a predetermined value, automatically reset the
counter and generate the carry (or borrow) for the fol-
lowing stage. The teachings of the invention are applica-
ble both to up counters and to down counters.

The invention is discussed in greater detail below and
is shown in the following drawings, of which:

FIGURES la-1g show the symbols employed for the
logic circuits, such as gates, in the following figures and
include also the Boolear equations and truth tables which
describe the manner in which the circuits operate;

FIGURE 2 is a block circuit diagram of one form of
binary coded decimal up counter;

FIGURE 3 is a block circuit diagram of another em-
bodiment of an up counter according to the invention;

FIGURE 4 is a block circuit diagram of a second
counter stage according to the invention;

FIGURE 5 is a drawing of waveforms to help explain
the operation of the circuit of FIGURE 4;

FIGURE 6 is a block circuit diagram of three stages
of a binary coded decimal counter according to the in-
vention;

FIGURE 7 is a block circuit diagram of a binary
coded decimal down counter according to the invention;
and

FIGURE 8 is a block circuit diagram of the second
(102) stage of the binary coded decimal down counter.

Throughout the drawings, similar reference numerals
are applied to similar circuit elements. Also, the nu-
merals 1, 2 and 3 are used to designate the first, second
and third inputs to the different gates to keep the charts
simple.

In the circuits to be discussed, electrical signals repre-
sent binary digits, hereafter termed “bits.” The conven-
tion is arbitrarily adopted that a low level signal repre-
sents the bit 1 and a high level signal represents the bit
0. For the sake of simplifying the discussion which fol-
lows, the bit itself is referred to rather than the signal
manifesting the bit.

The symbols of FIGURES la-1g are fairly standard.
The truth tables and Boolean expressions define the op-
eration of the various circuits. With respect to the trig-
gerable flip-flop, in the remaining figures, the set (S)
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terminal and the clear (€) terminal are not shown.
However, it is to be understood that they are present and
that any flip-flop can be made to store a 1 by applying a
1 to the set terminal and a 0 to the clear terminal, and
can be made to store a 0 by applying a 1 to the clear
terminal and a O to the set terminal. Storage of a 1 in
the flip-flop is indicated by a 1 present at the 1 output
terminal and a 0 present at the 0 output terminal. Stor-
age of a 0 in the flip-flop is indicated by a O present at
the 1 output terminal and a 1 present at the 0 output ter-
minal.

The first stage of a binary coded decimal up counter
is shown in FIGURE 2. It includes NAND gates 16, 12
and 14. NAND gate 10 applies its output G through
inverter 22 to the trigger terminal T of the flip-flop 26.
NAND gate 12 applies its output B through inverter 20
to the trigger terminal of the flip-flop 28. The output of
NAND pgate 14 serves as one input to NAND gates 16
and 18. The other input to NAND gate 16 is the output
of NAND gate 12. The other input to NAND gate 18
is from the 0 output terminal of flip-flop 28. AND gate
32 receives the outputs of NAND gates 16 and 18 and
applies its output to the trigger terminal of the flip-flop
30.

The operation of the circuit of FIGURE 2 succinctly
is given in the following table. The following explana-
tion of a number of the steps shown in Table 1 will help
the reader to interpret the table.

Initially, a count is inserted in the four stages shown
by applying appropriate signals to the set and reset termi-
nals (not shown) of the flip-flops. However, for pur-
poses of the present explanation, it may be assumed that
the initial count is 0000 which is indicative of the deci-
mal number 0. The conditions which then exist are those
shown in the last line of the table.

The leading edge of the first Py timing pulse legended
TP-1 in FIGURE 2 changes the state of flip-flop 24.
This leading edge defines a 1-to-0 transition and, as is seen
from FIGURE 1lg, it is this transition that causes a change
in the state of a flip-flop. The three inputs 1, 2, 3 of
NAND gate 18 are then switched to 1, 1, 0 so that O=1.
The three inputs 1, 2, 3, of NAND gate 12 are 0, 1, 0 so
that B=1. The two inputs to NAND gate 14 are 0, 1
causing this NAND gate to produce a 1 output. The
inputs to NAND gates 16 and 18 both are 1, 1 so that
both NAND gates produce 0 outputs and A, the output
of AND gate 32, is 0.

In response to the trailing edge of TP-1, that is, the
O-to-1 transition, the three inputs to NAND gate 19
become 1, 1, 1. T therefore switches from 1 to 0 and
C switches fom 0 to 1, The O-to-1 transition of C does
not change the state of flip-flop 26, but places it in con-
dition to change states.

The leading edge of the next timing pulse TP-2 changes
the state of flip-flop 24 so that its output becomes 0.
The three inputs to NAND gate 10 are now 1, 0, 0 so
that G changes from 0 to 1 and C changes from 1 to 0.
The 1-t0-0 transition of C triggers flip-flop 26 changing
its output from 0 to 1. Accordingly, the second timing
pulse TP-2 changes the count from 0001 to 0010.

Skipping now to timing pulse 8, upon termination of
this timing pulse, the count recorded in the counter i
1000. The leading edge of timing pulse TP-9 changes
the count to 1001, the binary equivalent of the decimal
numeral 9. This ninth pulse also causes A, the inpu
to the last flip-flop 30, to change from 0 to 1, condition-
ing flip-flop 3@ to be switched.

The ninth timing pulse also changes the inputs of
NAND gate 14 from 0, 1 to 1, 1 thereby causing its out-
put P! to change from 1 to 0. This 1-to-0 transition is
applied to the following stage through an inverter. Ac-
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cordingly, the following stage receives a 0-to-1 transition
which- does not change the state of the next stage.

The tenth timing pulse TP-10 switches the state of flip-
flop 24 from 1 to 0. This causes P! to change from 0 to

1, causing the following stage to receive a 1-to-0 change 5

at the output of inverter 40" of FIGURE 4. (This 1-to-0
transition may be considered the carry.) -~ It-also causes
A to change from 1 to.0 triggering: flip-flop :30, causing

4
it to switch back to the 0 state. :

Summarizing the operation- above, the counter shown
in FIGURE 2 counts the-first nine input pulses it receives
and. produces on -its four output:leads legended 23, 22,
2%, and- 20 a binary coded. decimal output.: The tenth
timing pulse automatically resets the flip-flops to- their. 0
state and causes a carry ‘Pl to be .generated. This carry
is applied to the following stage.-

TABLE:1
Gate 10 Gate 12 Gate .14 Gaté 16 Gate 18

Py |2 f2jaiw 3|21 |8i2|1|Clc|B|{B|2|1)l2] 1-{2] 1 |P]| A PalseNo

10 [0 [0 [0 [o1fro|01|1 {10fo1|0 [1 |0 |1 |0 |eale |1 | 1 |1 |1 J1i-lo

01 |0 |o-|0 |1 |oxf1 {1 foa|1 o |10foxfi o {1 (o |1 |1 |1 |1 |1 |0 TP

0 [0 [0 [01|10]10)10j1 [10]{20{01jo1|=0|1 |0 |10|0o |1 |1 |1 |1 |1 -0

01 {0 |o:|1 o forfo |1 |oetlo j1 1 [o.|x Jo |o Jos{z |1 |1 |1 |1 |o T2

10 [0 o 1 jorf|10|06L}1 J10fjo1|1 |1 |6 j1 {o |oxjo |1 |1 |1 |1 |1-lo

-1 fo o |1 1 Jor|1 [1-jeaf1 |1 |1-0jo0df10l0a|1 40 |1 | 0|1 |1 |1:]0 TEs

10 {0 |01]10}1-0|1-0|1-0 |2 |10|1-0|10 |0t |10}0-1|10]F0]0 |1 |*1 |1 |*=0.]1 |0

o-r |0 {1 Jo o fox|o J1 joeafo -|o |1 lo |1 .o jo-]o (1-|1 |1 10 11 |o: TE
£ 10 [0 [1 {0 foi|10|o1fr j1o|o01fo |1 |0 |1 |o lotjo |1 |1 |1 ]o. |1 |o

0140 |1 |o |1 for|1 |1 joif1 |o [1ofoxf1.|o.|1"]0 J1-] 1 |i 0-f1 |o TE-S

1010 |1 |ot|10{1-0|10]1 {10]aoloa|oafro|1 |o-|20fo [T |1 11 1o0:-]1 Jo

01 (o [1 |1 |0 jot{o |1 Joajo-f1 |1 |o {1 lo-Jo-fo o1 {1 Lo [1 |0 TE6

10 Jo |1 |1 |o110j02|1 j10(0a|t 1 |0 {1 [0 [oajo [r |1 |1 | o |1 o _

o1 |0 |1 |1 |1 |ox|1 |1 |o1|1 |1 |to|ox|ioloa|1 jo |1 | =01 | o 11 1ozl TF7

10 | 01| 10 10§40 | 1-0 | 1-0 [ 1-0 | 10 [ 2-0 | 1-0 | 01| 10 | 01 | 10 |10 o[ 1 | 01 |1 | o1 |1 |10

1 |1 |0 jo |0 Joi o |o joea{o |o-|1 o {1 jo - |o-f1 [1.{51. |1 |1 |1 |o; TES

0 /1 o |o |oz|10fo1|0o l10(ot|o j1 [0 |1 |0 |ea|1 |z0| 1 |10l 1 |10]oa

01 [1 o |o |1z joaf{i-Jo-jo1l1 fto [t |o Jz-Jo {1 [t |o 11 |o {1 lo {1 TES

10 11-010 10 1-0}1-0[1-0| 01| 1-0|10{0 |1 |0 |1 [0 [10[10]01| 1 |[0L| 1 |o1|10

o1 |0 |0 o |o |ox|o Jo |oxjo Jo |t o lr o lo o |1 |1 |1 |1 |1 o | T

1-0=1.t0 0 transition. 0~1=0 to.1 transition.

*QGate 16 input changes before gate 18 input changes. Therefore, the output of gate 16:changes to 0 before the output of gate 18 changes to 1.

TABLE 2
pulse No. |- po Flip-flops 90 92 94, o4 o s
2 22 2 ol 3 2 1 3 2 1 2| 1 [ .2 1
1 0 0 0 [ 1 0 1 1 0 0 0 0 0- {0 0.0 0 | 0"
-0 | of o 0 01 10 01 1 |- 10 6| 0 o1l - 0| 0 0 o Lo o |0
! 0-1 0] o 0 1 o1 1 1 o1 1 |01 0|0 0- | o]0 | o010
0. o] o o1 - 10 -0l - 10 1 -0 © 100 v 0af 1o~ 00 [ 0. |0 |0 100
? 0] o| o 1 0 0 0 1 o1 o 1 0:f 00 0 0l 0| 0] o0
6| 0| o 1 o1~ 10| o1 1 10 . o1l 1 o1l 0 o 0 o-f o o | o
3 1§ 0| o 1 1 o1 1 1 -1l 1] 1 0 o1 |0: | 0| o<1} 01/ 0
10 | of o1 10 1-0 10 190 1 100 1-0f 100 1-0f-0 0 10 01 | 0| 10/ 20| 0
¢ 1] o0} 1 0 0 o1l o0 1 1) o 0| o 00 1 00| 0] o
-0 | 0] 1 0 0-1| - 1-0] 01| 1 =0 01| o4 o1 o0 o 1 olo| oo
> -1 | of 1 0 1 01 .1 1 01 1 0 1 0] o 1 oo | o1|o
-0 | o 1 o1l 100 1-0{ 10} 1 10l 10 o1l 1-0/- 0 | o 1 oo | 0|0
6 -1 | o] 1 1 0 o1 0 1 o1 0 1 0 0o 1 o] o oo
-0 | 0] 1 1 o-1f  1-0f o} 1 -0 o] 1 o1 o0 | o 1.0 | o] 0.0
! 1| of 1 1 1 1] 1 1 o1 1 1 1 0] 01§ 1 |oa| 01| 010
10 | 01y 10 1-0| 1-0f * 1-0of = 10| 1-0| 10| 1-0[. - 1-0|° 1-0| 01| 10.| 10 | 101 1.0/ 100
§ 01 | 1 0 0 0 o1 o 0 o1l o 0 6| 1 ]o o Jo-]o| 0|0
10| 1 0 0 o1 1-0f ol 0 -0l - o1 - o o1l -1 .| 0 0 |oaj{ o0 | o |ox
i -1 | 1 0 0 1] 0 1 0 011 0 11 | o 0|t o] o.f1
0 10 | 10/ 0 0 10| 1-0] 1-0| o1 10 1o o 10| 1-0] 0 0 |10} 0| o |10
0-1 | 0 0 0 0 0-1f - o 1 o1 0 0 6| 0:] 0 o.Jo-|o}| oo
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The circuit of FIGURE 2 employs NAND gates and
inverters as these are standard components which were
readily available during the circuit design. An example
of another circuit embodying the invention appears in

6

the count thereupon advances to 0001. Each subsequent

tenth timing pulse PO causes the count stored in the sec-

ond stage of the counter also to advance by one.
FIGURE 6 shows three stages of the counter accord-

FIGURE 3. The latter circuit employs four AND gates 5 ing to the invention. The first and second stages have
90, 92, 94 and 104 and one OR gate 162—a total of only already been discussed. The third or 10% stage is ex-
five gates rather than the five NAND gates, two inverters actly the same as the 10! stage. However, 2 NOR gate
and one AND gate—a total of eight logical elements of 52 is substituted for inverter 40. This NOR gate re-
FIGURE 2. In addition, the circuit of FIGURE 3 has ceives the carry outputs P! and P? of the first and second
the advantage that the carry which is generated is Pl 1o stages, respectively. Each time both of these carries
rather than P! so that inversion is not required between become equal to 0, the NOR gate 52 produces a 1 output.
the first and second stages of the counter. . Thereafter, when one of the inputs P! or P2 changes back
The operation of the circuit of FIGURE 3 is given in to 1, the NOR gate produces a 1-to-O transition which
Table 2 above. : conditions the gates of the third stage to be triggered
The circuit of FIGURE 4 is the second (10!) stage 15 by the PO trigger pulses.
of the binary coded decimal counter, the first stage of FIGURE 7 illustrates the first stage of a count-down
which is shown in FIGURE 2. The circuit of FIGURE binary coded decimal counter. It includes three NAND
4 includes all of the components of FIGURE 2 and also gates 61, 62 and 63 and three inverters 65, 66 and 67.
includes a NAND pgate 42 and inverter 44. The inverter The circuit also includes four flip-flops 68, 69, 7¢ and 71
44 applies its output D to the trigger terminal of the first 20 and a NAND gate 64 connected to the 0 output terminals
flip-flop 244. In addition, there is an inverter 40 which of the flip-flops. NAND gate 64 produces the borrow
receives the carry output P! and supplies the inverted carry output P! which is applied to the following stage and is
P! to the NAND gates 42, 10a and 124. also employed to reset the counter to its original condi-
The operation of the circuit of FIGURE 4 is analogous tion. The operation of the counter of FIGURE 7 is set
to that of the circuit of FIGURE 1. As shown in FIG- 25 forth in the following Table 3. If the assumption made
URE 5, when the ninth timing pulse occurs, P? changes is that the count initially stored is 0000, as set forth in
from 1 to 0 and P! changes from 1 to 0. D, the output the first line of the table, the first input pulse changes the
of NAND gate 42, is therefore 1 and D is 0. In response count to 1001, the binary coded equivalent of 9, and
to the O-to-1 transition of the trailing edge of timing pulse borrows from the tenth stage. Each succeeding pulse
TP-9, the inputs to NAND gate 42 change to 1, 1. This 30 reduces the count by one, until the ninth pulse is reached.
causes D to switch from 1 to 0 and D to switch from The ninth pulse causes the count 0001 to be produced.
O0to 1. The D=1 applied to the trigger terminal of flip- The tenth pulse resets .the count to 0000 and produces
flop 24a conditions the flip-flop to change its state. a borrow condition which will allow any additional trig-
the count initially in the 10 stage of the counter ’is 0000, ger pulse to borrow from the tenth stage.
TABLE 3
Gate 61 \ Gate 62 Gate 63
PulseNo.P0232221203’21_6043211_3BKA4321P1
T ] o |6 lo Jo |t [z [o |2 jo |1 [t j1 o 1 j0ojo j1 1 41 |1 ;1 |0
-0 | 01| 0 0 to1l10|10fot|r |o |1=0j1 [10|01|1 |0 |oO1|20}10}1 |10/1 |0
Lo T e 1o |t foexfe {1 {1 Jo Joexjr o |1 |2 to f1 jo jodj1 jo |1 j1
10 | 1 o o |1o|l10|oa|1 |1 o j1o0|1 |oedlj1 {1 |0 |1 |O |10 011 |1
2
-1 | 1 o 1o lo |oa|1 [1 |mo0foa]ox|r |1 |1 |20jo0Lf10f01jo1}1 i1 |1 |1
10 | 10 | 03 |od|01|10(1-0{19 |01 |1-0|10}1-0|1-0|1 |01|1-0)0-1|1-0]1-0}10/|1-0(1-0/1
3
o o |1 |1 [« Joxto |2 tz [0 Joxjo |o {1 |1 30 |1 |0 JO1]o O JO }1
1-0 | 0 T |1 |i0|tojo1|t |1 |o |0]0 for|1 |1 40 |1 |O {100 |01)0 |1
4
o1 | o 11 11 |o [oa]1 |1 |10jo0tfoa|0 |3 (1 1 |o |1 40 jo1j0 j1 |0 |1
-0 | 0 1 10| oiliotl10|1 |o1|ro}10fot{10}1 |1 |0 {1 |0 |1:0}01 10|00 |1
5 Tox 1o 1 To {1 |ox]o |t {t Jo Joaf1 o |1 |1 jo |1 Jo foe1)1 |o 40 |1
10 | 0 1 1o |1ol10|oxf1 |1 |0 j1o|1 Joiy1 |1 |0 |1 10 (101 01|00 |1
6
0L | 0 1 lo lo joals |1 tio|oafor|2 |1 |1 [10j01f1 Jo |O0Ll1 j1 |0 |1
-0 | 0 70 lot|ox|10|wol1 |oal10|10}10[10|1 jO1|1-0|1 |0 }10|1-0|0-1]|01]|1L
7
ot to6 |o |1 |1 Jorlo {2 |1 |o joalo jo j1 |1 |O 41 410 J0o1j0 |0 {1 |1
1-0 | 0 0 |1 J1o0|t0ojo1|1 |1 {0 |0f0 Joxfr |1 jo |1 |0 |10]0 joO-1)1 [1
8 —
o1 | o 1o |1 |o |oa|r |1 |s0foafoajo j1 1 |1 |o |1 40 0170 |1 |1 |1
-0 | 0 0 10i61l10(10|1 jorl10|10|o0t|10|l2 |1 o |1 |0 [10]|01|10]1 |1
9
o110 |o lo |1 f[oafo {1 [z fo foaj1 fo |1 11 |o |1 Jo jotj1 10 41 |1
10 | 0 0 0 |10|10]o1|10(1 |0 |10|1 |o1{10|1 |0 j1 O |1-041 jo1|1 |10
10
-1 | © o Jo |o toals o |2 to Joaj1 {1 |o |1 |0 j10j01|01|1 |1 |1 |0
|

When the leading edge of the next timing pulse TP-10
occurs, the inputs to NAND gate 42 change to 0, 0 so
that D changes from 1 back to 0. This 1-to-0 transition

The second stage of the count-down counter is shown
in FIGURE 8. It includes, in addition to the circuit
elements of FIGURE 7, an additional NOR gate 73 and

triggers flip-flop 24a, causing it to change its state. If 75 inverter 75. The output of the inverter goes to the
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trigger terminal of -the first flipflop 68.: The borrow

input P! is applied through an inverter 77 to the NAND -

gates 63a, 62a, 6la and 73.  The borrow output P2 of
the second stage .is applied to a NOR gate 79. The sec-
ond input'to the NOR gate is the borrow P! generated by
the first or 100 stage. - The NOR gate’' 79 “at the input

5

to- the third stage performs a function analogous to that ..

of the inverter 77 located at the input to the second stage.
The output: of NOR gate 79 -is applied to the NAND
gates corresponding to 634, 624, 614 and 73 of the third
or 102 stage.

While not illustrated, it is to be uinderstood that other

embodiments are .possible of the binary coded decimal.

count-down counter of FIGURES 7 and 8. For exam-
ple, AND and OR ‘gates may be employed rather than

10

15

NAND gates and inverters, in a manner similar to that .=~

shown for the: up counter:

of FIGURES 4 and 6 may be-designed in accordance with
the teachings. of FIGURE 3.

In the claims -which follow, the term “carry”
ployed in the generic sense to refer :to the oufput of a

By the same token, the:sec-,
ond, third and higher order stages of the count-up counter..

is em-:

2

counter stage,. either count-down. or:.count-up,: which is:.

employed to trigger the following counter stage.
What- is claimed is:

1. A stage.of a binary coded decimal counter com-:

prising, in combination:

four two-state devices. for storing the 28, 21, 22 and 23

bits, respectively,.of a binary coded decimal number;
first, second and third logic .circuits, connected. to:the
21,
applying triggering signals to said devices, and said
third logic circuits for also producing a carry signal;

means for applying the pulses to be counted to the 20

two-state ' device, and the first and second logic
circuits;

means for applying an output of the 29 two-state device
to all three logic circuits;

means for applying an output of the 2! two-state device
to the second logic circuit;

means for applying an output of the 22 two-state device
to the third logic circuit;

means. for applying one output of the ‘23. two-state

22 ‘and ‘23 two-state -devices, respectively, for.

24

30

35

40

8
device to the third logic circuit and.the.complement
of said output to. the first.logic circuit; and..

means. for applying an output. from: the. secondlloglc,

circuit: to the third logic circuit.:
2. A stage as set forth in claim 1 wherein all of said
logic circuits include at. least one NAND: gate.
3.. A stage as:set forth -in -claim+-2 wherein:said third
logic circuit:comprises. three: NAND gates. and.an AND
gate. -
4. A stage: of a.binary: coded decimal:counter. :com-
prising,. in combination:
four two-state devices-for storing: the:20,:2!, 22 and 23 -
bits; respectively of a binary coded decimal number;

first, second, ithird and fourthlogic ¢ircuits, connected
to the 29, 21,22 and 23 two-state devices, respectively,
for applying triggering :signals: to:said devices; and .
said fourth-logic. circuit for: also producing:a .carry-
ing signal;

means -for applymg‘, the pulses: to ; be- counted. to the

first, second and third logic circuits; -
means for applying an output.of the 2% two-state device -
to the: second, third and fourth-logic circuits;«
means for.applying an output of:the 2! two-state device. -
to the third:logic circuit;:

means for applying an output of ithe 22 two-state device -

to the fourth logic circuit;

means -for applying -one :output: of the 23 ‘two-state

" device to-the fourth logic. circuit: and:the comple-

ment of said output to the: second logic: circuit;:and
means-for applying :an output from: the :third ‘logic :
circuit ‘to: the fourth logic circuit. ¢
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